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B HacTosiLee Bpems Ha BCEX KPYMHbIX Kapbepax Mupa NpeBanu-
PYET TEHOEHUIS K YBEMMYEHNIO BbICOThI YCTYNa. 370 NO3BONSET CyLLe-
CTBEHHO YNYYLLINTb TEXHUKO-3KOHOMIYECKINE NOKA3aTENM Pa3paboTKu
rny6oKuX MecTOPOXAEHWA OTKPbITBIM CNOCOBOM, COKPaTWTb HMCNO
TPaHCNOPTHbIX FOPU30HTOB 1 PaBounX NNOLIALOK, YBENMYMTb Yron oT-
Koca paboyero 6opTa, CHU3WTL BENMYMHY TEKYLLEr0 KO3(MuUmMeHTa
BCKPbILUM 11 B KOHEYHOM WTOTE COKPaTWTb 06BEM BCKPbILUHbIX PaboT
[1]. Ha kayecTBeHHoe ApOBEHME MOPONHOr0 MAaccKBa Ha BbICOKIAX
yCTynax OPWEHTVPOBAHO NOCTOSHHOE COBEPLUEHCTBOBAHIE TEXHOMO-
ran 6ypoB3pbIBHbIX paboT (BBP) [2-12].

Cpeon npumeHsiembix MeTofoB BBP Bce dalle pekomeHayetcs
METOf B3PbIBAHMS NapanmensHo CENMKEHHBIMIA CKBAXUHHBIMY 3apsi-
namu [13, 14]. SdhhekTBHOCTL [AHHOO METofa 06LACHSETCS TEM,
4YTO MPU HEM Y)XXe B HEMOCPEACTBEHHOM B6MM30CTM OT 3apsA0B Ha pac-
CTOSHISX, COCTaBNAIOLMX 0KOMo 1/2 paccTosHMg Mexay 3apsgamu B
nape, LMNHOPUYECKIe BOMHbI HAMPSKEHWA NEPBOro 1 BTOPOro 3aps-
[10B HA4MHAIOT B3aMOIECTBOBATb, (DOPMIPYS NNockui poHT. B pe-
3ynbTaTe NMOPOAHbI MacCKB B BOMbLUEN MEpE HAChILLAETCS 3HEpriiei
B3pbIBA, YTO MO3BOMAET MHTEHCU(LMPOBATL APOBIEHME 38 CHET Po-
CTa HanpshkeHWid B yOaneHHbIX 0T 3apspa Todkax maccuea. [pn ume-
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OcywjecTsrieH pacyeT napameTpos napanienbHo COMMKEHHBIX
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Mnosib30BaHNM [JAHHOTO METOAA TaKXKEe BO3HWKAIOT BOrEee CUmbHbIE fe-
(hopmauy B 06nacTu pasrpy3k1 Nopog npi B3pblsaHui, 6oNee Bbico-
KE HanpsXXeHns nafalollen BOMHbl YBENN4YMBAIOT Poib OTPAXKEHHBIX
BOMH B MPOLIECCE pa3pylueHns. B cBA3N ¢ 3TM COBEpLUEHCTBOBAHME
crnocoba B3pbIBaHUS BLICOKMX YCTYMOB MapannenbHo COMMKEHHbIMI
CKBBXWHHbIMW 3apSfamMu ABMFETCH aKTyanbHON 33Aa4Yen Hayku W
MPaKTUKIA TOPHOr0 NPON3BOLCTBA, PELLIEHIE KOTOPOI CNOCOBCTBYET 0-
BbILLEHI0 3KOHOMIYECKON 3(h(EKTUBHOCTY PaboTbl NPEANpPUSTUN.

CywHocTb M 3KCNEepUMenTanbHas npoBepKa
NpPeanoMeHHoro cnoco6a B3pbIBaHNA BLICOKMK YCTYNOB

Mpn B3pbIBAHUN NapannenbHo COMMKEHHbIX 3apspoB NNocKMi
(POHT BOMHbI HANPSKEHWIA BYET (HOPMIUPOBATLCS TOMBKO B Crlyvae
CTPOro OMPEeAEneHHoro PaccTosHIS MEXAY HAMI. 3TO AAET BO3MOX-
HOCTb PAcCYNTaTb OMTAMArbHbIE NApaMETPbI NAapannenbHo CEMMKEH-
HbIX CKBAXWH: PAcCTOSHIE MEX[Y CKBaXUHAMM W 11X ANaMETP; OHU B
paGoTe onpeneneHbl N0 M3BECTHbIM MeToauKam pacyeta [5, 14].

B pesynbTaTe npoBeaeHHbIX UCCMea0BaHNi pa3paboTaH ycosep-
LUIEHCTBOBAHHbIA CMOCO6 B3pbIBAHIS BLICOKMX YCTYNOB MapaniensHo
COMMXEHHBIMI CKBaXIHHBIMW 3apSEami ¢ 3akNnHUBaloLLEelCsS 3a6ol-
kon. [JaHHblit cnocob peanuayeTcs cnepytowmm obpasom (pue. 1).

Ha noanexaluem K B3pbiBy GrOKE MO YBENUYEHHOM CETKE CKBa-
XUH BYpAT BEPTUKAmbHbIE rPYNMbl CKBaXMH 1, pacronoXeHHbIX na-
pannenbHo Apyr K Apyry Ha pacctosHun 2,5—-5 muameTpoB 3apsiaa.
3aKna/bIBaloT 0CHOBHOM 3apsia BB 2 1 hopmupyioT 3akniH1BatoLLY-
tocs 3a60iiKy, COCTOSILLY0 13 TPeX 4acTen: HukHen 3, BepxHei 4 va-
CTel 3aknMHMBaloWero 3apsaa BB v uhepTHoro matepuana n3 Gypo-
BO/ Menoun 5. B ocHosHoM 3apsine BB, B HUXHEN 11 BEpXHER 4acTsX
3aKnnHuBatoLLerocs 3apsa BB, ycTaHaBnMBaloT NpOMEXyTO4HbIE fe-
TOHaTOpb! 6. B nocneaHve MoOHTUpYIOT CPefCTBa MHALMMPOBAHIAS He-
3MeKTPUYECKOro B3pbiBaHUsS / C MCNONb30BaHWEM pene 3ameqyie-
His 8. Mpn B3pbIBaHWI NAPANMENsHO CONMKXEHHbIX CKBAXMHHbIX 38-
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psnos BB cHauana B3pbIBAETCS BEPXHAS YacTb 3aKMMHMBAKLLEr0CS
3apafa, 3aTeM HKHSS 4acTb U Jjanee ocHoBHoi 3apsig BB. B pe-
3ynbTaTe (QOpPMUPYETCS 3KBUBAMNEHTHbIA 3apsn BB 6Gonblioro aua-
MeTpa ¢ 06eCneYeHNem KpaTHOro 3anpaHns NpoayKToB LEeTOHaLMN.
Takoi 3apsin cnocoBeTBYET pocTy aeKTUBHOCTY B3pbiBa MO BCEN
BbICOTE YCTyNa, MPEeAoTBPALLEHNI0 BbIXOAA HerabapuTos, paBHOMEp-
HOMY pacnpeneneHunio 3HeprN B3pbIBa U CHUKEHWIO AENCTBUS yaap-
HO BO3MYLUHOV BOMHBI.

Ha kapbepe «MypyHTay» LleHTpansHoro pynoynpaenesus Haso-
WIACKOr0 rOPHO-METaNNypriiYeckoro KomMOuHaTa, B COOTBETCTBUW C
«MeToaunkoi BeeHUs 6YpoB3pbIBHbIX PaboT napannenbHo COmmKeH-
HbIMW CKBaXWHHbIMKM 3apsigamn BB ¢ 3akniHuBatoLLeics 3a6oikoi»,
Ha 6noke N2 45 rop. + 405 M npoBefeHbl OMbITHO-NPOMBILLNEHHBIE
MCMbITaHMS pa3paboTaHHOro cnocaba.

MopofHblii MAcCuB Ha 3KCMEPUMEHTaNbHOM GNOKE CROXEH 13
CUNbHOTPELUMHOBATBIX CPEAHEBNOYHbIX KBAPLEBO-CMIOANCTBIX CaH-
LieB 1 anesponuToB (KaTeropusi No B3pbIBAEMOCTI — CpeSHEB3pbIBa-
emble). lMokasaTenn tr3nko-MexaHYeckx CBOMCTB nopop Groka
MPUBELEHbI HUXE.

[notHocTs, /M3 2,65-2,7
[poyHocTs Ha cxatne, MlMa 90-110
[poyHocTs Ha pacTtsxerne, MlTa 6,8-7.8
poyHocTs Ha casur, Mila 12,3-13,2
KoaghchuumenT kpenocty 8-10
CKopocTb Npof[osbHbIX BOSH, KM/C 3,7-54
CKopocTb MonepeyHbix BOSH, KM/C 2.2-3,1
Koagpcpuument lNyaccona 024
Mogyrnb HOHra, E-104, Mla 3.2

3kcnepumeHTanbHblii 6ok yeTynoB Bbicotoir 30 M 0GLEMOM
48,6 Thic. M3 6bin paseneH Ha [Be PaBHbIe YacTu, B OfHOA 13 KO-
TOPbIX YCTYNbI B3PbIBANM N0 TPAANUMOHHOA KOHCTPYKLUMKM, @ BO BTO-
POl — C NPUMEHEHNEM NapannenbHo CENMKEHHBIX CKBAXMHHBIX 3apsi-
fo8 BB ¢ 3aknuHiBatoLLeics 3a60/Koi. bypeHie B3pbIBHbIX CKBAXMH
anametpom 250 MM ocyuiectBnu 6GypoBbiMu  cTankamu CBLU-
250MH.

B nepgoit 4acTv 6roka CeTka CKBaXWH NpuHAManach no nacnop-
Ty BBP ans panHoro npeanpusTiig v coctanana 9,6x9,6 m. dnntHa

PA3PAGOTKA MECTOPOXAEHMAH

Puc. 1. Cnoco6 B3pbiBaHHA BbLICOKMK
YCTYNoB napannenbHo CONMKEHHbIMK
CKBa)XMHHBIMM 3apafamu

¢ 3aKnuHMBalowWeica 3a60MKoii:

2 — ocHoBHoI1 3apsa BB; 3 — HixHss
4acTb 3aKNMHVBAIOLLEACS 3a60MKY;
4 — BepxHsis 4acTb 3aKNMHUBAOLLENCS
3a6oiikn; 5 — 3aboiika 13 GypoBoil

7 - CPeAcTBO NHMLUMMPOBaHNA
HE3/EKTPNYECKOr0 B3pPbIBaHNA,
8- pene 3amennexHnsa
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Puc. 2. Pacnpenenenye hpaKymii rpanyNnoMeTpHYECKoro
coctaea npu 6asosom (7) n pazpa6orannom (2) cnocobax
Apo6Nenns BbLICOKMK YCTYNoB

CKBaXMH 32 M, nepebyp 2 M. Tun BB — HobenaH-2080. YaenbHbli
pacxon BB 1,1 kr/m3. Boicota ocHosHoro sapsga BB cocrasnsna
22 M, macca BB B kaxgon cksaxuHe 1320 kr.

Bo BTOpOI YacTy napanmnenbHo CONMKEHHbIE CKBaXMHbI pa3mMe-
wanu no cetke 9x9 M. OnuHy aTuX cKBaXWH NpuHAManu B 32 M, ne-
pebyp 2 m. Tun BB — HoGenan-2080. YoensHbii pacxop BB coctasun
0,85 kr/m3. Boicota ocHosHoro 3apsaa BB paswsanace 17 m, macca

I Puc. 3. 06wunii BMA pa3eana B30pBaHHbIK NOPOA BLICOKMX YCTYNOB NpM UCNoNb30BaHuK 6a3osoro (a) u paspa6otannoro (6) cnoco6os
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1- napannesibHo COMMXEHHbIE CKBaXUHbI,

menoun; 6 — NPOMEXYTO4YHbIE AETOHATOPbI;



1020 «r. PaccTosHne Mexx[y napanmenbHo COnMKEHHbIMI CKBaXIIHA-
M cocTaBnsno 1 M. [nnHa HKHEN YacTin 3akn1H1BaloLLercs 3a6oit-
ki ckBaxwHHoro 3apsina BB npunumanack 8 0,8 M, a BepxHeit ee Ya-
¢t 1,3 M. PaccTosHne mexay 3anvpaolymvin 3apspami BB 3aknu-
HuBatoLeiica 3a6oiiku 0,7 m ¢ maccoit kaxgora 13 Hiax 10 «r.

Mocne Kaxporo B3pbiBa B NPOLECCE OTTPY3KM Bbi NpoaHaninau-
POBAH TPaHyNoOMETPUYECKUA COCTaB B30OPBAHHOA TOPHOA Macchl.
CpaBHuTENbHbIE [@HHbIE PacnpenenerIs rpaHyrioMEeTPUYECKOr0 CO-
CTaBa npy 6a30BOM M pa3paboTaHHOM crocoGax APOBIeHNs ropHbIX
nopoA NpuBefeHbl Ha pue. 2 n 3.

AHanu3 rpaHynoMeTpryeckoro cocTaBa nokasan, YTo B pa3pato-
TaHHOM Cnocobe no CpaBHEHMI0 C 6a30BbIM CPeAHU pa3mMep Kycka
ymeHblumncs Ha 27 %, a uncno HerabapuTHbIX KyckoB — Ha 9 %.
MpoBeaeHHblE OMbITHO-NPOMBILNEHHbIE WCMbITAHWS NOKA3anu, YTo

NP1 MCNONb30BaHIN MApanenbHo CONMKEHHbIX CKBAXWUHHBIX 3aps-
noB BB ¢ 3aknuHuBaloleiics 3a60iKoi AOCTUraeTcs paBHOMEpHOE
[pOGreHne ropHbIX NOPOL, N0 BCEil BbICOTE YCTYNa, XOpoLUo npopata-
ThIBAETCS HUXKHAS 4acTb NOAOLLBLI YCTYNa 1 YMEHbLIAETCS YMCN0 He-
rabapuTHBIX KYCKOB.

Mo pesynsTaTam NPOMBILLNEHHBIX UCTITAHIA NOMYYEH 3KOHOMU-
yeckii adpekT B paamepe 196,55 cym Ha 1 M3 B30pBaHHON ropHoM
Macchl.
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Investigation and development of high-bench blasting method
with parallel dose-spaced holes and wedging stemming
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Abstract

At the present time, all large open pit mines in the world predominantly tend towards benching at
increased height. This approach enables better technical and economic performance of deep open pit
mines, less number of haulage and mining horizons, higher slope of highwall, reduced stripping ratio
and, finally, smaller volume of stripping. The continuous improvement of drilling and blasting methods
is aimed at quality fragmentation of rocks in open pit mines with high benches.

Among the practiced methods, it is most frequently recommended to use parallel close-spaced blasting.
Efficiency of this method is explained by the fact that in the direct vicinity of such blastholes, at a
distance of their half-spacing, cylindrical stress waves start to interact and generate a plane front. As
a result, rock mass is largely saturated with blast energy, and fragmentation in the remote zones is
intensified due to the increased stresses.

At the Navoi Mining and Metallurgical Combinat, applicability of parallel close-spaced blasting at high
benches of Muruntau open pit mine was studied. The blast pattern and sizes of explosive charges were
calculated with respect to the physical and mechanical properties of rocks. Then, an experimental
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block of a high bench was subjected to large-scale blasting using the conventional and new (studied)
methods. The comparison of the blasting outcomes showed that the parallel close-spaced blasting
improved rock fragmentation quality along the whole height of the bench, which would increase
productiveness of cutting and loading machines.

Keywords: high bench, blasting method, parallel close-spaced blast holes, wedging stemming, plane
front, stress wave, efficient parameters, blast hole spacing, detonation product blocking.

References

1. llin S. A., Kovalenko V. S., Pastikhin D. V. Open method of mining: opportunities and ways. Gornyi
Zhurnal. 2012. No. 2. pp. 37—-40.

2. Viktorov S. D., Eremenko A. A., Zakalinskiy V. M., Mashukov 1. V.. Technology of large-scale blast
undercutting at rockburst-hazardous Siberian ore deposits. Novosibirsk : Nauka, 2005.
212p.

3. Norov Yu. D., Shemetov P. A., Zairov Sh. Sh., Tukhtashev A. B., Nasirov U. F., Bibik I. . Improvement of
Control Methods for Rock Fragmentation by Blasting. Bukhara : Bukhoro, 2011. 200 p.

4. Snitka N. P, Misliboev I. T., Karimov E. L. Energy-saving drilling-and-blasting technology for zones
of rock mass weakening in deep open pit mines. Gornyi vestnik Uzbekistana. 2015. No. 2(61). pp.
7-11.

5. Norov Yu. D., Ochilov Sh. A. Problem of control of rock fragmentation quality under blast energy in
open pit mining. Gornyi vestnik Uzbekistana. 2016. No. 4(67). pp. 17-23.

6. Rakishev B. R. Automated Design and Implementation of Large-Scale Blasts in Open Pit Mines.
Almaty : Gylym, 2016. 340 p.

7. Nasirov U. F, Ochilov Sh. A., Ravshanova M. Kh. Theoretical investigation of hard rock crushing
mechanism when blasting high benches. lzvestiya vuzov. Gornyi zhurnal. 2017. No. 3. pp. 38—44.

8. Gupta . D, Trapathy G. R. Comparison of construction and mining blast with specific reference to
structural safety. Indian Mining and Engineering Journal. 2013.Vol. 54, No. 4. pp. 13-17.

9. Akande J. M., Lawal A. 1. Optimization of blasting parameters using regression models in ratcon and
NSCE granite quarries, Ibadan, Oyo State, Nigeria. Geomaterials. 2013.Vol. 3, No. 1. pp. 28-37.

10. Inoue H., Sasaoka T., Shimada H., Hamanaka A. Study on control of fragmentation size by changing
blasting pattern at open pit metal mine. Proceedings of International Symposium on Earth Science
and Technology. Fukuoka, 2014. pp. 214-217.

11. Isheysky V. A. About the grain-size distribution of blasted rock from different zones of destruction.
Scientific Reports on Resource Issues. Freiberg : Technische University Bergakademie, 2014.
pp. 202-207.

12. Duan Y, Xiong D., Yao L., Wang F., Xu G. Advanced technology for setting out of blastholes
and measurement while drilling. Proceedings of the 11th International Symposium on Rock
Fragmentation by Blasting (Fragblast 11). Sydney, 2015. pp. 593—-598.

13. Viktorov S. D., Galchenko Yu. P, Zakalinsky V. M., Rubtsov S. K. Rock Breakage by Closely Spaced
Charges. Moscow : Nauchtekhlitizdat, 2006. 275 p.

14. Ochilov Sh. A. Theoretical studies of mechanism of interaction between a pair of closely spaced blast
holes. Gornyi vestnik Uzbekistana. 2017. No. 4(71). pp. 22-26.

Konnekrue rpynnbi komnanuii «<PUBC» uckpenHe u cepaeyHo no3apaensier NpocnaBieHHbIi
KonnexkTu HaBowiickoro ropHo-meTannypru4eckoro Komo6mHaTa co 3HaMeHaTeNlbHbIM CoBbITHEM —
60-netHum w6uneem!

l06uneit npeanpusTa — GoNbLIOK NPa3OHUK 11 ANS BCEX ero napTHepoB. Mbl ropauMes Tem, YTo B nepu-
0[] COTPYAHWYECTBA C Hallei KoMnaHiern Ha HaBouiickoM ropHo-MeTannypruyeckom KomGrHaTe NocTpoeHa
BTOpas 04epefb (DNOTaLXOHHOMO OTAENEHWA W NPOBEAEHA PEKOHCTPYKLWS Ha 06OraTUTeNnbHOM haBpuke no
nepepaboTke 3omoTocopepxalx pyn — MVI3-3, ocyliecTBReHo CTPOMTENBLCTBO KOMMIEKCA N0 NepepatoTke

3onoTocopepxatmx pyg — FM3-4.

BonbLuoit nn4HbIi Bknap B passutie cotpypHnyectsa «PVIBC» ¢ koMGUHATOM BHEC OCHOBATENTb HaLLEV thip-
mbl A. B. 3umunH. Ero 3acnyrin oTMeHeHbl HarpyaHbIM 3Hakom «[opHsiukast cnasa» | cteneHn. Mel, ero nocne-
[0BATENN, NPUNOXUM BCE YCUNS [ MPOACIKEHUS MI0A0TBOPHOI0 coTpyaHuyecTsa ¢ Hasowiickum TMK.

Mo3npaBnss ¢ 3TOW 3HAMEHATENIbHO/ AATOi, MCKPEHHE XEenaem [anbHEefllyX TBOPYECKMX YCMexos,
CBEPLUEHNS HAMEYEHHbIX MaHOB, MPOLBETAHMS APYXXHOMY, CMi0YEeHHOMY KonnekTusy HaBowickoro ropHo-
MEeTanypru4eckoro KoMGuHaTa, npekpacHomy ropofy Hasow v Pecny6nnke Y3a6ekucTaH.

Konnextue rpynnbi komnauuii «PUBC»
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